Fmmeansi 2

PN

i
" U e

*

~ 7 AUG 12194¢

N

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS -

TECHNICAL NOTE

No. 1101

TANK TESTS TO DETERMINE THE EFFECT OF VARYING
DESIGN PARAMETERS OF PLANING-TAIL HULLS
I - EFFECT OF VARYING DEPTH OF STEP,

ANGLE OF AFTERBODY KEEL, LENGTH OF

AFTERBODY CHINE, AND GROSS LOAD N

By John R. Dawson, Robert McKann,
and Elizabeth S. Hay

Langley Memorial Aeronautical Laboratory
Langley Field, Va.,

»

~ W

Washington
July 1946

e reEEAEORIAL ARKUNAUTICAL
LABORATORY

-p

J nnpley Field, VA




'IHW?N'HHIMHI T

01433 3109

WATIONAL ADVISORY COMMITTEE FOR AZRONAUTICS

TIRCEWIGAL NOTT NO. 1101

TANK TESTS TQ DETERNINE THE EFrECT OF VARYING
DESIGN PARAMETERS OF PLANING=TAIL HULLS
IT - EFFECT OF VARYING DEPTH CF STEP,
ANGLE OF AFTERBODY KEEL, LENGTH OF
AFTERBODY CHIHE,IAND GROSS LOAD_ o T

By John R. Dawson, Robert McKann,
and Elizabeth S, Hay '

SUMMARY

The second part of a series of btests made in Langley
tank no. 2 to detemaine the effect of varying desizn
rarameters of planing-tail hulls is presented. Results
are given to show the effects on resistance character-
istics of varying angle of afterbody keel, depth of step,
and length of afterbody chine. The effect of varying
the gross load is shown for one configuration. The
resistance characteristics of planing-=tail hulls are
compared with those of & conventional flying-~boat hull.
The forces on the forebody and afterbody of one configu-
ration are compared with the forces on a conventional
hull,

Increasing the angle of afterbody keel had small
effect on hump resistance and no effect on high-speed
resistance but increased free~to-trim resistance at
intermsdiate speeds.

Increasing the depth of step increased hump resistance,
had little seffect on high-speed resistance, and increaséed
free~to-~trim resistance at intermediate apeeds.,

Omltting the chines on the forward 25 percent of the
afterbody had no appreciable effect on resistance. Omitting
70 percent of the chine length had almost no effect on
maxlmm resistance but broadened the hump and incredsed
spray around the afterbody.
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Load-resistance ratio at the hump decreased more
rapldly with increasing load coefficient for the planing-~
tail hull than for the representative conventional hull,
although the load-resistance ratioc at the hump was greater
for the plening-tail hull than for the conventicnal hull
throughout the range of loads tested. At speeds higher
than hump speed, load-resistsnce ratio for the planing-
tail hull was & maxlimum at a particular gross load and
was slightly less at heavier and lighter gross loads.,

The planing-tail hull was found to have lower
resistance than the conventional hull at both the hump
and at high speeds, but at intermedlate sneeds there
was little difference. (The lower hump resistance of the
planing-taill hull was attributed to the abllity of the
afterbody to carry a greater percentege of the total load.
while maintaining a higher wvalus of load-resistance ratloy

INTRODUCTION

In reference 1 are reported the results of pre-
liminary tests made with models of an unconventlonal
flying-boat hull called a planing-tail hull. The NACA
planing-tail hull ceonsists of a forebody having a pointed
sten of great depth leading into a very long afterbody.
This afterbody extends back to the region where the tall
surfaces would be attached; thus no tall extension is
required behind the afterbody. The results of reference 1
Indiceted that this tyoe hull might have some advantages
over the hull of a conventional flylng boat., This work
was followed by a seriles of tests made?{ to determine the
effects on reslstance characteristlcs of varylng design
parametsrs., Part I determined the effect of varying
length, width, and plan-form taper of the afterbody.

(See reference 2.) The present paner, part II, glves
the results of tests made in Langley tenk no. 2(to
determine the effect of varying angle of afterbody keel,
depth of step, length of afterbody chine, snd gross
load.

COFFFICIENTS AND SYMBOLS

The data of the tests were reduced to- the following
nondlimensional coefficients based on Froude's criliterion
for similarity:

CA load coefflcient (:é_> '
3
. wb
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gross lcad ccefficient <;£%>
vsrb3

resistance coefficient *E;>
bi

v
speed coefflicient <§E§%)

trimming-moment coefficient (?ME>
‘ Wb

draft coefficlent (%)

load on water, pcunds

gross load on water, pounds
resistance, nounds

specific weight of water (63.0 1lb/cu £t in these tests)
maximum beam 6f hull (1.08 ft)

speed, feet per second

trimming mement, pound-feet; moments tending to ralse

bow are considered positive

acceleration of gravity, feet mer second per second

draft at step, feet

Other symbols used are

a

X

angle of afterbody keel, degrees e

longitudinal distance from center of moments to
step, 1lnches; dlstance aft of step considered
negative

depth of step, inches ' R

part of afterbody over which chines are omitted,
inches . L
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B pert of afterbody over which chines are retained,
inches
o} sternpost angle, degrees

A/R loed-reslstance ratio. o

Lys/b forebody length-beam ratio

DESCRIPTICN OF MCDELS

In order to avoid effects of secondary varisbles
not under study, the models were made with afterbodies
that were very simple in form. Fillets and fair%ngs .
were omitted; consequently the models would reguire
furtrer refinements before being made intuv hulls of
czood serodynamic form,

The general lines of the models are given in figure 1
and table I lists the pertinent dimensions and pasrameters
of each model, The fcrebody for all models is that of
NACA model 35-4, which is the same forebody es was used
in the tests reported in reference 3 and in the planing-
tall-hull tests of reference 2; offsets of thls forebody
are given 1n refersnce 3.

The afterbody used in the tests to étudy angle of
afterbody keel and depth of step.was a prismatic form,
rentagonal in section except for cylindrical sections

from stations 12 to 15%. Between these stations the

afterbody was made cylindrical so that continuity could

be maintained when perts of the chines were removed.

The cylindrical sections cleared the water just below

hump sveed and remained clear at all higher spneceds. Tre
chines were omitted from varts of ‘the afterbody by inserting
lengths thet were circular in section.  The discontinuities
between the clrcular =nd ventagonal sections were faired
wlth plasticine. Although the model croduced by this
gimple method was reletively crude, it should be adequate
to show the effects of omltting chines on part af the
afterbody.



HACA T ¥o, 1101 . - - 5

The variastions of the models tested are given in
the following table: -

Langley tank | Denth of | Angle of Length of chine in

model step afterbedy| rercentage cf length
keel of afterbody o
(deg)

163A-1 0.35b 0 €8.5

1634-6 .35b 2 88.5 i

163A-11 .35b % 88.5

1634A-16 .Z5b 88.5

163A-3 .5Cb 0 28.5

1634-13% .52b i 88.5 -

163A-114 .35b L 75.C

163A-11B .35b I 3C.0 —

TEST PROCEDURE ST o .

-

The tests were made by the specific method. All
configurations were tested at & gross load coefficient
of 1.00 and one model w=8s tested alsoc &t gross losad
coefficients of C.75 and 1.25. In order to simplify
the tests, wing 1ift was assumed to vary only as the
square of the speed, and the perabolic load curves of
figure 2 were used. Fixed-trim runs st constant sneeds
were made end resistance, draft, and trimming moments
were measured for each run. »ufficient trims were
covered In the tests to give trim fcr minimum resistance,
zero trimming moments for the center of moments used
(fig. 1), and enough data tc derive free-to-trim curves
for a center of moments that would give zero trimming
moment fcr best trim st the point of maximum resistance.

Resistance, as plotted, includes the sir drag and
the hydrodynamlic resistance of the model since only the
alr drag of the towlng gear was subtracted as a tare fronm
the measured values of resistance. Trim, as measured, is
the angle between the horizontal and the straight psrt
cf the forebody keel. Draft was measured vertically from
the polnt of the step at the keel tc the free-water surface.

At high speeds and low trims the afterbodles of the
models were cleer of all weter snd spray. Under these
conditions, the resistance of the complete model can
differ from that of the forebody alone by cnly the small
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differences in air drag. Dsta fror unpublished tests
made with the forebody. alone were compsred with the
results from some of the sresent tests made with the
complete cenfigurations; under conditicns in which the
al'terbodies of the ccmplete models were clesr of the
water, the resistance was found to be negligibly affected
by the presence of the afterbody. Data from the fore-
body tests were therefore used for some of the models

in the speed region where the afterbodles were clear,

and only sufficient tests were made with the complete
model in this region to determine whether the afterbodles
" were definitely clear of the water. ' -

RESULTS AND DISCUSESION

The results of the tests are given in figures 3
to 12 in which resistance, trimming-moment, snd draft
coefflclents are plotted agalinst spsed coefficlent with
trim as 8 parameter. The speed cecefficlent at whilich
each afterbody cleared the water 1Is indicated in these
figures. Unlike the conventional afterbody, which 1is
often wetted by the forebody spray after the afterbody
has cleared, the planing-tail afterbodies remained
unwetted at all speed coefflclents greaster than those
at which the afterbodies originally cleared.

In ordéer to show the effect of the several parameters
under study (deoth of step, angle of afterbedy keel,
length cof afterbody chine, and gross lodd), both best=
trim and free-to-trim (zero-trimming-moment) curves were
derived for each model. (See figs. 13 to 20.) Free-to-
trim resistance characterlstics are necessarily a functlon
of the location of the center of gravity. In order to _
comnare free-to-trim data of different hulls, Lt is there-
fore necessary to establish a criterion for the selection
of the centers of gravity at which the comparisons are to
be made., The use of a location of the center of gravity
thet 1s a constant distance from some srbitrary point on
the model, such as the steo, does not always give a fair
comnarison because the optimum value for this distance
may not be the same for each hull. In order to obtailn
a fair basls for ¢omoaring the dsta for the various
conflguraticns, center-cf-gravity locations were delected
that would result in zero trimmlng moment for best trim
at the speed corresponding to maximum resistance.

'
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Trimming-moment curves at best trim snd free-to-trim
curves were determined for the same center cf gravity.
The locations of the center of gravity that resulted
from this procedure are given in figures 13 to 20.

Effect of Angle of Afterbody Keel

The effects of angle of afterbody keel on free-to-
trim and best-trim characteristics are shcwn In figures 13
and 1li. Figure 21 is a cross plot of resistance coeffi-
cient, Oy, against angle cf afterbody keel, a,6 at’a 77 7"
constant depth of step, H.” Figure 22 1s a simllar cross
olot of Cp against H at values for a of 0% and 4°.

Hump reslstance was not greatly affected by change
in angle of afterbody keel. At H =.0,50b no appreciable
difference was noted in the hump resistasnce at values of
@ of 0° and L° (fig., 22). At H = 0.35b (fig. 21} _
decreasing a from 6° to L°® had no effect on humo
resistance, but e perceptible increase was obtained by
reducing a %to 0°. Investigations of conventional hulls
have generally shown hump resistence to decrease sub- ~—
stantially with decreasing angle of afterbody keel. It
is logicsel that if the angle of afterbody keel of any
configuration is veried through a sufficiently wide range,
an angle thet gives minlimum hump resistance will be found.
This optimum angle would be expected to vary with change
in the depth of step and other changes in form. Apparently
the range of a that has heen of interest in conventional
hulls lies above the value of a for minimum hump resis-
tance. In the case of the planing-tall configurations,
however, the range of a tested eppe=sred to lie nerr the
value of a for minimum humo resistance; the smallest
values of «a were below this value for a depth of step
of 0.35b. Thus, a tendency fcr the hum? resistance to
Increase with decreasing angle of afterbody keel may be
consistent with the opvnosite trend found in tests with
hulls of conventional form.

The most pronounced effect of varylng angle of after-
body keel on free-tc-trim resistance (fig. 13) wes : -
obtained in the intermediate nlaning range (Cy = L.0)
where increasing the angle of afterbody keel caused a
large increase 1n trim abcve best trim, which resulted
in & secondary resistance peak. This peak increased as

angle of afterbody keel increased and exceeded the hurnp
resistance at the highest angle of afterbody keel.
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Best-trim resistance (figs. 1lL and 21) in the speed
region Cy # Ll.0 was increased only slightly with

increasing angle of afterbody keel. In the high-speed
region C 5) resistance at best trim was not-

affected by angle of afterbody keel becsuse the after-
body was clear for all configurations tested and the
resistance was essentially that of the forebody alone.

Increasing the angle of afterbedy keel increased the
trim in the free-to-trim condition throughout nearly
all the speed range. The greatest change occurred
between values of .a of 0° and 2°. (See fig. 13.)
Trimming moments for test trim were, in genersl, greatest
at intermediate speeds. The maximum values of trimming
moments tended to increase with angle of afterbody keel
but the speed at which these maximur values occurred
decreased as sangle of afterbody keel was lncreased.
(See fig. 1l.)

Effect of Depth of Step

The effect of depth of step is shown In figures 15,
16, and 22. The hump resistance was increased by increasing
H from 0.%35b to 0.50b. In the intermediate planing
range, varylng the depth of step affected free-to-trim
resistance in much the same way as had varylng the angle
of afterbody keel. DBest-trim resistance was little
affected at high speeds. The effects obtalned for values
of a of both 0° and ° were similar. (See fig. 22.

An increase 1in depth of step resulted in an increase
in trim in both the best-trim and free-to-trim conditlons
for all speeds up to that at which the afterbody cleared
the water. Trlimming moments for best trim were only
slightly affected by change 1in depth of step.

Effect of Sternpost Angle

Sternpost angle o (fig. 1) 1s a function of both
depth of step and angle of afterbody keel. In flgure 23
resistance coefficient is plotted agalnst sternpost angle
at three speed coefficlents. The secondary peak (Cv ~ L.0)

tended to lncrease with increasing sternpost angle and
anproximately the same results were obtained whether the
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sternpost angle was varled by changlng the depth of step
or the angle of afterbody keel. At the hump the resistance
is not a single-vslued function of the sternpost angle.
Since the best-trim resistance at high speed (Cy = 6.5)
was affected by neither depth of step nor angle of after-
body keel, the sternpost angle has no effect on resistance.

Effect of Varying Length of Afterbody Chine

In figures 17 and 18 the effect of varying length of
afterbody chine (by omitting the chines for as much as __
70 percent of the length of the afterbody) is shown. The
part of the afterbody over which the chines are omitted
1s designated A and the part cver which the chines are
retained is designated B. The curves show that omitting
the chines for the forward 25 percent (1.00b) of the
afterbody had no apprecisble effect cn resistance.
Omitting the forward 70 percent (2.80b) of the chines
caused the hump resistance to occur at a higher speed,
broadened the hump, but had almost no effect on the
maximum resistance.

With 70 percent of the chine removed, spray rose
&s high ss l/é beam above the afterbody and would tend
to be thrown against the taill surfaces with encugh fcrce
to increase maintenance difficulties.

Effect of Varying Gross Load

The effect of varying gross load con a planing-tail
hull is shown in figures 19 and 20; in figure 2l load-
resistance ratio A/R at best trim is plotted against
load coefficilent for three speed coefficlents. Figure 2l
also includes veluss of A/R at best trim for a
representative conventional hull (hull A4).

The changes in trim and trimming moment caused by
increasing the load coefficient were inconsistent but,
in general, not large (figs. 19 and 20). R

FPigure 2l shows that A/R at the hump for the
planing-tail hull decreased repidly with increasing
load coefficient. At speed coefficients of L.0 and 6.5,
A/R for the planing-tail hull was a maximum for the -
load corresponding to a gross load coefficient of 1.00
and was slightly less at lighter and heavlier loads.
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This trend differs somewhat from that of conventlonal
hulls. At Oy = L.0, A/R for the conventional hull

decreased reapidly with increasing load coeffliclent but
at Oy = 6.5, &/R increased rapidly.

Comparison of Conventional and Planing-Tall Hulls

A comparison of the resistance characteristics of
a planicgetail hull (model 163A-11) with those of a
conventional hull (hull 4) is given in flgure 25, in
which speed ccoafficlent 1s plotted against reslstance
coefficlent at best trim for Loth hulls and agalnst
registance coefficient at free teo trim for the planing=-
tall hull. TIn the best-trim conditlon, model 165A-11
had considersbly lowar resistance then hull A at the
hump and at high spesds; at intermediate speeds there
is little difference in resistance, In the free~to=
trim condéition, model 1£3%A-11 had lower resistance than
hull A in the best=-trim condition over the parts of the
speed range where resistanca 38 critical (hump and high
speed). At the intermesdiste speeds, the free-fto-trim
resistance of the vlaning-tall hull is somewhat greater
than the hest-trim registancs of the conventional hull
because of high trims, :

The foregoing comparison has been made on a basis
of equal beams for the two hulls. Actually, model 163A-11
hes a greater forebodj length~beam ratio than hull &4,
although the Fforebody of hull A has the greatest length-
beam ratio (3.6) that is in present use on Amerlican flying
boats, :

In figure 26 A/R at the hump is plotted agalnst-
forebody length-bssam ratio Lf/b for two series of hulls

for which length-beam ratlo wes varied systematically
(unoublished data)., The values of A/R at the hump for two
planing-tail hulls and two unrelated conventional hulls

are also plotted in this figure. Figure 26 shows that the
values of A/R at the hump for all the conventional hulls
fall on two rather clearly defined curves, although two of
the hulls hsd no relation to elther length-beam serles.

The values of .A/R at the hump for the vlaning-tall hulls
are far above ths curves.

Ths increase ir 4/R that would be obtainsd for
hull A by incressing the forebody length-beam ratlio 1is
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therefore a small part of the difference in the values
of A/R for hull A snd the planing-tail hulls. The
remaining part of the difference must be due te other
features peculiar to the planing-tail hull.

The curves of figure 27 show that the low resistance
obtained from & planing-tsil hull is primarily due to
the effectiveness of the planing-tail afterbody. In
this figure resistance ccefficient, trim, load-resistance
ratio, and percentage of total load on the model carried
by the afterbody are plotted agalnst speed coefficient
for both model 163%4-11 and hull B. Curves of A/R are
given for the forebodies and afterbodies separately as
well as for the complete models. Hull B (NACA model 126B-1,
reference l;), which 1s similar to an existing flying boat
except for an angle of afterbody keel that is 29 lower,
is used in the present comparison because the dsta were
avallable from unpublished tests. In these tests;a speclal
balance was used to measure separately the forces.on the
forebody and the afterhody. Separation of forces:cn the
forebody and the afterbody of ths planing-tall hull was
macde by the method of reference 1, which uses results of
tests made with the forebody alone.

The resistance hump for model 163A-11 occurred at o
a speed coefficient of 1.8. At this speed the reslstance
of the two hulls is not greatly different. However, at
a speed coefficient of 3.0, at which the reslistance hump
of hull B occurs, the resistance of model 163A-11 is
very much less and the cause of the difference between
the resistance curves of the two models at thls polnt
is of primary interest. Figure 27(c) shows that at
Cy = 3.C, the value of A/R for the forebody of

model 163A-11 is greater than the value for the fore-
body of hull B (5.1 compared with lL.5). Figure 26
indicates that this difference is due primarily to the
difference in length-beam ratlos of the two forebodles
(lL,.0 and 3.0). The significant polnt, however, 1s that
at this speed coefficlent (Cy = 3,0} the value of A/R
for the complete hull B is only slightly greater than the
value of A/RE for its forebody, whereas the value of '
A/R for the complete model 163A-11 is notably greater
than that for its forebody (6.3 compared with 5.1).

At speed coefficients less than 3.1, the afterbodies:
of both hulls hsve higher values of A/R than the fore-
bedies. In the speed range in which the greatest



12 NACA TN No. 1101

differences 1in resistance for the two hulls exist,
hcwever, the values of A/R for the afterbody of

model 1634-11 are substantially greater than thcse for
the afterbody of hull B. ' o "

When the afterbody has a higher load-resistance
ratio than the forebody, 1t is obviously desirable to
carry as much load on the- afterbody as possible.

Fizure 27(d) shows that  for values of Cy below 2.5, the
conventional hull carries a greater percentage of

load on the sfterbody than does the planing-tall huil.
The load-resistance ratio for the planing-tail after-
body, however, 1s greater than for the conventional
afterbody and compensates for the differences in load
carried by the two afterbodlies to.such en extent that
the resistance of the planing-tail hull is the lower
over part of this speed range. o

At speed coefficlents greater than 2.5, the planing-
tall afterbody not only carries a greater percentage cf
load .than does the conventicnal afterbody but also maintains
e. greatér load-resistance ratio. These two character-
istics of ths afterbody of the planing-~tail hull are the
primary csuses for the reductlon of resistance st the
speeds aft which hump cccurs for the conventiconal hull.

It 1s notable that the planing-tsil hull meaintains a
higher velue of A/R. while opersting at a lower trim
(fig. 27(v)}.

In general, the best trim for the complete model 163A-11
is the same as the hest trim for its forebody. It is
remarkanle that, when the forebody is operating at 1ts
best trim, the afterbody has much greater values of A/R
than has the forebody. At speed coefficients between
2.C sand 3.5, the values of A/R for a highly efflclent
olaning surface with strsight buttccks were found in
reference 1 to be less than 6. The afterhody of model 163A-11
has values of A/R seversl times this value in the same
speed range. Over most of this speed range, even the
conventional afterbody has values of A/R . greater than 6.
These afterbodies, therefore,carry load with less reslstance
than would a gingle planing surface running in undisturbved
water. In corder to obtain thls result, some energy of
the forebody wake must be converted into useful 1ift,
which 1s more effectively accomplished by the planing-
taill afterbody than by the conventional afterbody.
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CONCLUSIONS

Results of tank tests to determine the effect of
varying deslign parameters of planing-tsil hulls led to
the following conclusions:

1. The effect of varying design parameters indicated

(a) Increasing the engle of afterbody keel had
small effect on hump resistance but produced a
secondary peak in the curves of free-to-trim resistance
at the intermediate planing range. At best trim
only a slight increase in resistance at plsning speeds
was noted as angle of afterbody keel was increased.
Angle of afterbody keel had no effect on high-speed
resistance.

(b} Increasing the depth of step lncreased
hump resistance. Free-to-trim resistance in the
infermediate planing range was inereased in a .
similar manner for depth of step as for anple of
afterbody keel. Best-trim resistance was little
affected at high speeds.

(c) Omitting the chines on the forward 25 percent

of the afterbody had no apprecisasble effect on
resistance. Omitting the forward 70 percent of the
chines caused the hump to occur at a higher speed,
broadensd the hump, but had almost no effect on
maximum resistance. Spray around the afterbody
increased with 70 percent of the chines removed.

(d) Load-resistance ratio at the hump decreased
more rapidly with increasing load coefficient for
the planing-ta3l hull than for the representative
conventional hull, although the load-resistance
ratio at the hump was greater for the planing-
tail hull than for the conventional hull throughout
the range of loads tested. At speeds higher than
hump speed, load-resistance ratio for the planing-

.tail hull was a maximum at a particular gross load
and was glightly less at heavier end llghter gross
Joads.

2. A comparison of a planing-tail and a conventional
hull showed
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(a) The planing-tail hull had lower best-trim
resistance at-the hump and at high speed with little
difference in resistance throughout the intermediate
planing range. i

(b) The planing-tail hull hed lower free-to-

trim resistance than the best-trim resistance of the

conventional hull at the hump and at high speed with
higher resistance in the intermediste planing range.

(c) The planing-tail hull had lower hump
resistance primarily because of .the abllity of 1its
afterbody to-take a greater percentage of the total
load while maintaining a higher lcad-resistance
ratio than the conventional afterbedy.

Langley Memorial Aeronautical Laboratory
National Advisory Committee For Aeronautics
Langley Fisld, Va., April 30, 1946
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TABLE I

PERTINENT MODEL DIMRNSIONS AND PARAMWTERS

Laniizzltank (d:g) (dgg) (ig.) (iﬁ.) (13.) <%§3> CAO
153A-1 0 k.o L.5 | 6.0 | L46.0] 1.00{1.00
163A-6 2 6.93 .5 | 6.0 | L6.0/Pa.1)f1.00
163A-11 L g8.90f L.5 | 6.0 | L4L6.0] 1.50{1.00
1635-16 6 (10.88| L.5 | 6.0 | 46.0] 5.40}1.00
163A-3 0 7.13f 6.5 | 6.0 | 46.0| 0.50[1.00

’ 1635-13 L jii.c5) 6.5 | 6.0 | L6.0| LL.90{1.00

. 163a-114 L 8.90| L.5 [13.0 | 39.0f{ 2.85|1.00
163A-11B n 8.90] L.5 {36.L | 15.6] 3.60{1.00
163a-11 L g8.901 4.5 | 6.0 | 46.0| LL.60]0.75
16%4-11 n 8.901 L.5 | 6.0 | 16.0] L.50(1.25

®Locations of center of moments given are ones that
give a minimum value for peak resistance with
the model free to trim.

°Distances measured aft of step are conslidered negative.

NATIONAL, ADVISORY
COMMITTEFE FOR AWRONAUTICS



1
|
| ),.
20
(2) (4) |

ST

Sections

5o 3 104.00 5
e

@ . . B { b
©® ® O :

Profile

NATIONAL ADVISORY
COMMITTEE FOR AERONAUT ICS

Figurel-Lines of NACA modsl 163 A series. (All dimensions are ininchas)

*ON NI VOVN

1011

T 3714



1.2

1.1

o 3 ® ©

Load coorficiont,_cb

-
]

.4

'5

N [ Gross load
\\\‘#(" | coefficient,1.25

] N

Speed coefficient, Cy
Figure 2,- Load curves for model 163A series.

mEN RN
] \\ \\ o
ENRVN
FANN
\\j\i\
N
\
o e | N\
1.0 2.0 3.0 4.0 £.0 6.0 7.0 8.0

‘818

3

*ON NL VOVN

1011




-4

NACA TN No. 1101 F‘ig..3

lz Trm
(deg)
X 6
0 A X
& K N e} 8
8 5 AR ﬁ\%\
g N N Afterd
::: &4(‘\ (3].6&36y
b ’ Va Afterbody
(3]
% o . )< cleer
2 N
i N
N
N
0
Afterbody
& Ni clear
= 5 : Afterbody clear
=1 e
<R G I v il
8 1.0 & '
4 "t VIS = b-0-O—P-—
§—1-5 A) D\
g -2.0
£ 8
-2.5 -‘ 0.85b
sl HE
L ] g—_ 0
gy A L
S .4 028
g 3 N
I RS
g - ~pR=
§ .1 O\a m;\\
E . [ -
B 0
NATIONAL ADVISORY _
-.1 COMMITTEE FOR AERONAUTICS
I I
0 1.0 2.0 3.0 4,0 5.0 6.0 7.0 8.0 o

Speed coefficient, Cv_
Figure 3.~ Resistance, trimming-moment, and draft characteristics of
model 163A-1 at fixed trim. Gross load coefficient, 1,00.



Fig.

Resistance coefficient, Cy

Trimming-moment coefficient, Cy

Draft coefflcient, Gy

.15

.10

.05

5

-5
-1.0
-1.5
-2.0

-2.5

NACA TN No. 1101

/
il
i

N\

- Afterbody clear
]

H

Afterbody clear
ey y

_/
e _ =T
o_/
.*\

RS

[
iy
Mk

1.1y
1]

L
4
9
L
"y

)=

Y

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

0 1.0 2.0 3.0 4.0~ 5.0 6.0 7.0 8.0

Speed coefficient, Cy
Figure #.- Resistance, trisming-moment, and draft characteristics of
model 163A-6 at fixed trim. Gross load coefficient, 1.00.

41



NACA TN No. 1101 | Fig. §

Trim
.20 (deg)
- A 3
o e AP dy X 6
5 : 5 erbo o &g
§ .15 Js/ \ /| clear T 10
g K 0 12
G
o —— | Y
|  Afterbo
§ 10 g, O YO M Cfeardy
o Afterbody
‘é clear . o
o ~T4
a
g .05
[~ \
0
Afterbody | Afterbody
& 1.0 clear = T\ /| clear
2 2L zpji : Lugfle'ggdy
8 5
o _
© -5 = -—p="] % -
2 L ' | Aftervody ]
ué -1.0 G iy o ' clear
2-1.5 " - )
E 0"
=2.0
&
5
"
5 B
g 3
[+h)
B .2
E
B 1
2 .
(3]
E 0
-.1
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 T8O TT T

Speed coefficient, Cy NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 5.~ Resistance, trimming-moment, and draft characteristics of
model 163A-11 at fixed %trim. Groes load coefficient, 0.75.



NACA TN No. 1101

Trim
(deg)

JEN N

10
12

<
S +0xXb

Sy

Resistance coefficient, Cg

(o]

N

t, Cy
Iy
o

K

[
tm o W

(

ERE
L
%

U
e}

Trimning-moment coefficien
b L oL
o

AN

SR

F 0 o o O

01

Draft coefficient, Cy

- 0.85b
T
= —
NNy 0.0
N
*/‘\% 2 NATIONAL ADVISORY
- COMMITTEE FOR AERONAUTICS
"~
N Sk
1.0 2.0 3.0 4.0 5.0 6.0 - 7.0 &.0

Speed coefficlent, Cy
Figure 6.= Resistance, trimming-moment, and draft characteristics of
model 163A-11 at fixed trim. Gross load coefficient, 1.00.



NACA TN No. 1101 Fig. 7

| Afterbody
20 clear
Trim
(deg)
/*\L \ A 4
= X 6
& A Vot !
; N\
{x QAN —
: NSNS
© . P
.15 Aftervody 17/ S
§ cfgardy = \
3 ~
2.10
1.5 NGO
Afterbody - ‘5\
05 1 cear, - AN
g " / (\A\
- .<)o ﬁ\
Eo o | ﬁ Fé*‘ 2
3 4 M
E --5¥ // o EJD/ 4 \ Y -
2 LT A T |\ Mg
g T Y i
g -1,5 e A”{b_‘we_h ¢
—
s ;‘:L ety
E
i [ 8
K<, "';_._.1 rd—O.SSb _‘___i.
5 = T e
0
g n“ ; S ~ Eb
3 SN
g i O~ e
8 .1 v
T
g N
E o &
-.1 NATIONAL ADVISORY
COMMITTEE FOR ‘AERONAU'”CS

0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
Speed coefficient, ©
Figure 7.~ Resistance, trimming-moment, a.nX draft characteristics of

model 163A-11 at fixed trim. Gross load coefficient, 1.25.



Fig. 8 : NACA TN No. 1101

'5
im
(deg)
X 6
) . o 8
- Afterb
& K [ Mtere + 10
g / N
3 .15 :/'9" ot -
(] . b
G
§ 4 8 \'\\\<
g .10 B\\\,_\
3 ' AN
B N
4 Afterbody X
° f clear
B 2[ Afterbody
- clear
-+ 05 T
E o 4 -G / . :_r*
g 11 5 Z ,
8 TaTtob” T
H -1.0 4
g "
;-105
E'-ZO :?——‘ [~ 0.850
E o5 Et_—"n:"g.__i o
v—— R n
; ~tom |
ST =
(&) - B
g .3 =
'5 2 * —
o " , ‘\;\1\\
Gy b
8 .1 %\
(2] \
4 o0 ~
A
-.1 NATIONAL ADVISORY ]
COMMITTEE FOR AERONAUTICS
_
0 1.0 2.0 3,0 4.0 5.0 6.0 70 &.0

Speed coefficient, Cy
Figure 8.~ Resistance, trimming-moment, and draft characteristics of
model 163A-16 at fixed trim, Gross load coefficient, 1.00.



NACA TN No. 1101 - o Fig.

Trim
.25 - (deg)
A 13
X 6
o~ o 8
o ,20 + 10
- Afterbo
b | P e | 0
g 15 4 b\\kﬂ\l&w& Y rvm—
8 : k clear
Q
§ .10 _71&\;‘\&\
Afterb :
2 torbody NN
2 \\\\
.05 Y X
4 | N\
Afterbody
= 0 - J; clear N
werbody
o 5 /< ; i\\\;[7 clear
o )‘;g
% 0 Tt /y T JA A
— T ¢
(31 j DO
E-1.0 (}\L—O-—JJ/Q) 2 Q/O/ -
O
“E*-z.o' Woa'a
£ "o
5 .6 ,
—t
.5 - 0.85b
o TQ . —1 r_ -
S 3 — —o
5 %&“\m\- L 0.5
- —
g 2 -
oy
§ ” 0 A e,
i, RN RN
=.1 NATIONAL ADVISORY =
COMMITTEE FOR AERONAUTICS
0 1.0 2.0 3.0 4.0 5.0 : 6_.0 7.0 8.0

Speed coefficient, Cy
Figure 9.~ Resistance, trimming-moment, a.nd'd.raft- charac_:t.erist.ics of
model 163A-3 at fixed trim, Gross load ¢oefficient, 1.00.



Fig. 10 ' NACA TN No. 1101

Trim
5 S (deg)
Fay Y
[ o 8
& e ey | 0 12
2 w— 4
=] Afterbody
g 15 — H.& < clear
'E Q\\ 0\
[}
: 10 Afterbody cle \K‘\ .
g N
: ' B
m 105
B 4 Ail’terbody clear
5 o}
£ 5 S ~<
% o] - L } i~
by 3/019 i oI/ ‘T“ & =
% s ptopad A1 .
t t v Afterb
%10 A1 barmow
g ? /W v
El"lca ‘-
& 8
~t
E 1 o
& N g e [
- Lo.50p t
S
g A
kN e g
&
g '
S =
i o | .
-.1 : NATIONAL ADVISORY .|
COMMITTEE FOR AERONAUTICS
I A
0 1.0 2.0 3.0 1,0 507 ~ 6.0 - 7.0 8.0

Speed coefficient, Cy
Figure 10.- Resistance, trimming-moment, and draft characteristics of
: model 163A~13 at fixed trim. Gross load coefficient, 1.00.



NACA TN No. 1101 Fig. 11
25
Trim
0 (deg)
X
AN N
/ :L\?\ - Chineless part clear + 10

Resistance coefficient, CR

Trimning-moment coefficient, Cy

Draft coefficient, Cg

-1.0

"1-5
=-2.0

-.1

~

Chineless part clear

N

Speed coefficient, Cy

3 Foaili
8
S—— = —”- 0.85b
T—9
E I § .
1 OOb—l::':—go%Ob -:—!
Gt
Ao
\‘\\‘1§
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
1.0 2.0 3.0 u.0 5.0 6.0 7.0 8.0

Figure 11.- Resistance, trimming-moment, and draft characteristics of
model 163A-11A at fixed trim. Gross load coefficient, 1.00.



Fig. 12 ' NACA TN No. 1101

5
Trim
.20 (deg)
& T Obineless part clear X 6
- : o 8
g 59( \ }\ + 10
g B T
g y:all
3] ﬂ - Chineless part clear
g .10
: 4
n
{
.05
0
=
S z
=1 -~ Chineless part clear
2 0 - éi[
;“::j --5 P / : ~ D J/ .
8 I~ A L~ i
2 -1.0 YO/
] P—ai-0-¢
5-1.5
0 8
.é)-2- . s . __—! O.SSb -
k=25 ( _ _ -
"5 s ‘73‘?385[;:! 1,200
] N O
S Y
-IJ‘ \ x\
§ .3 N
g
g .2
3 .
° .1
g
B 0
NATIONAL ADVISORY
-.1 - : _ COMMITTEE FOR AERONAUTICS
| ' I
0 1.0 2.0 30 w0 T B0 6.0 7.0 8.0

Speed coefficient, Cy
Figure 12.- Resistance, trimming-moment, and draft characteristics of
model 163A-11B at fixed trim. Gross load coefficient, 1.00.



NACA TN No. 1101 Fig. 13

[
20 (deg)
i ﬁ
—"2
g 5 [~ P .< jJ—— 0
S r
-§ / ﬁ:Ef\,_ /\
3 R 3
g SN
g '
? N
f o 4 N
2 (/ = _:E—g“__‘i_‘«
0 / -
.6 (deg) Model & x
/: ‘6‘ 163A-1 ;gJ 0.08b
3 - T :g 1636 2 - .0%
2 N 163A-11 4 A2
2 ~h 163A-16 6 L2b
o
g 3 =
44 =
g .2 S~
+3 \
¥ .1
E T
0 e 4
1 6 — N
0 L s —“\\ /J/ P/// NI
0
9 _—\\ \5— "—’/ 7// — L \
- TN
8 i I AN |
‘0 /) N
S 7 7 —
. S e 2 \ _ )
-?l 6 T — — . P
& L T~ —1
5 /
e~ __L-
H NATIONAL ADVISORY
3 COMMITTEE FOR AERONAUTICS
0 1.0 2.0 3.0 4.0 50 6.0 7.0 8.0

Speed coefficient, Cy
Figure 13.- Effect on free-to-trim characteristics of varying angle of

afterbody kesl. H = 0.35b; Cp, = 1.00.



_Fig. 14 NACA TN No. 1101

(déc)
20 : o
* 6 1-60
,4-_ Y- |Afterbody clear
& ZL. Z: g Atoerd qu 1
Cou % erbody ¢
I RRARN =N =
's X B ey,
% 10 / ' _// 7\\\
é / ATt erbodycél'e'fro]' } ™~
Do/ AN
E / s N
A —— i )
o e -

1.5 | ——
-—’/‘ Lo u

I~

Pl

\\
A

Model cc x
de

Trimming-moment coefficient, Gy
o
|
et
N
/
]
- \ l

-1.5 o . (deg) _
) 163A-1 0  .0.08b
11 r-«lgs - : 16306 2 - oo
1 & —A\ 1634-11  u 12
0 2 =N\ 1634-16 6  .um
9 AN -
8 e —~ 1
D N - - Afterbody
37 0 . \\\\ N 7F " clear s
.§q, // ‘\\ 'N\J / L b /
6 7
&
5 7
4 NATIONAL ADVISORY
3 COMMITTEE FOR AERONAUTICS
0 1.0 2.0 3,0 o B0 6.0 7.0 - 8.0

Speed coefficient, Cy
Figure l4.~- Effect on best~trim cherecteristics of varylng angle of

afterbody keel. H = 0.35b; Cp. = 1.00.



£y

NACA TN No. 1101

.15

I
(S)

05

Resistance coefficient, Cy

T o o o

N W

Draft coefficient, Cy

o =

11

10

Trim, deg
£ UV O N B W

W

Fig. 15

AJVPAfterbody clear
/// \‘::\~ //—-\\\/ H
(/( B N 0.50b
; \:< . 35b
/ N
/ | X
/ Model H x A\
// 163A-11  0.35b 0.1 \\
}7 163A-13 .50b .38b <
/,
p/
r
I _ 'T;;;;;;;;;g-—f"iﬁp
\;\ LH
\\ 5
JQ - 0.50b
N .3
RS
=1--
e T

/N

AL
VAN

N

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

1.0 2.0 3.0

4.0 5.0 6.0 7.0

Speed coefficient, Cy
Figure 15.- Effect on free-to-trim cheracteristics of varying depth

of step.

X = 4,00; Cap = 1,00,

8.0



Fig. 16 ' - NACA TN No. 1101

2
g H
5 //—‘ / 0.50b
[~ 1 VA
o 2 ,’// NTHA < I Afterbody
o L 3 clear
g /
E 10 //f \\\
g /! Model H x N
& / 163-11  0.3b  0.12 N
g 05 7 1634-13 .50b .38b <
/ N
Wl )
0 ) Tx
& 15 . S—— Tl
. - b -
2 - A
& .5 <7 S
8 _//‘”R-ka H |
0 - - e
g . 7/ \! 0.500
g ".5 \—/—
g -1.0
g -105
11
H
10
9 Walli ’7\L\ s 0:501’
Y& | Afterb
- NI
L N L \( / i
E: 7 N ‘\\ / “
& 6 L—
5
"
NATIONAL ADVISORY
3 COMMITTEE FOR AERONAUTICS
o 1.0 2.0 ' 2,0 4.0 50 = 6.0 7.0 8.0

. Speed coefficient, Cy i )
Figure 16.- Effect on best-trim characteristics of varying depth
of step, ©c= 4.0% Cp = 1.00.



NACA TN No. 1101 Fig. 17

i
05 e X

T Model 163A-11 | Model A B x
-2 7 y
/ /——Model 163A-llB 163A~11 0.46b 3.548 0.120
' __1162A-11A 1.00b 3.00b .22
& L —f 163A~11B 2.80b 1.20b .2%b
Iy 15 — =
: N
3 /'
o -Model 163A-11A
3 .10 /
8
-2
:
i
8
m

1 Mod 1 prex
/ /JModel 163A-11
* 14
S .5 i\\ S
‘; .
2 4
% L_ llsﬁodel \\
£ .3 -11B \;N
Q
8 .2
- -
i .
0
11
Hodel 163A~11
10 - h\\
9 — <
) "] -1
§ & / /<: 7:*
£ 5 // ZaN
. 4 \ N Mode1 163a-114
T |  Model
5 163A-11B
NATIONAL ADVISORY
u COMMITTEE FOR AERONAUTICS

1.0 2,0 2.0 1.0 5.0 6.0 7.0 8.0
Speed coefficient, Cy

Figure 17.- Effect on free-to-trim characteristics of omitting part of
afterbody chines. or = 4.0°; H = 0,35b; Ca, = 1.00. -

(o]



NACA TN No. 1101

Fig. 18
.20
1634-11B ‘\ Model A B X
& —iga-ﬁﬂ 7 \\ , 1634-11  0.46b 3.54b 0.12p
£ 15— /bk.,‘\:\ - 163A~11A 1,00b 3.00b .22
2 /,/ ~ 163A-11B 2.80b 1,20b  .28b
¥ o/
B o / 1
& / —
A —B —
0
S 1.5
*53 1.0 i
2 5 fgéa(
g ==\
(3] 0 //r — L
- L ~11A
: L\ 7 At
g T \L 163-118
é’-l.o
-1.5
&
11
10 -
L 1634-11
9 A =] 163-11a
[’ : \§< /T 1634-118
t0 8 7 N R~
< , ; N AN
g / \
E . SN
5
4 NATIONAL ADVISORY
3 COMMITTEE FOR AERONAUTICS
0 1.0 20 3.0 4.0 50 6.0 7.0 8.0,

Speed coefficient, Cy
Figure 18,- Effect on best-trim characteristics of omitting part of

afterbody chines., Ot = W4.,00; H = 0,35b; GAO = 1,00,



NACA TN No. 1101

Resistance coefficient, Cp

Draft coefficient, Cg

Trim, deg

.15

.05

T W o o

3

Fig. 19

PARN
AN
/ AN .
7 = <
N N
/ 4 — \4
/ ~ N Cay
7 RN \ T
EEREEEEANUYES]
7 I~ ~N .
17 SNkt
/ C x T~ N
JZ’ % AN
/ 0.75 0.%b RN
Wi 1.00 .12 -
A 1.5 .33
— — lJ o
N
’\\\k CAQ
R S S, |
P\\‘ \ Vi i.ozg
\.\ ~ / .
N N % e L
L |
\%::\\
n.\_.;;:
iy |
o 7
0.%5p
i
ZF ¥
A N\
— = = T
4/ 1 —‘\5/\ — 1.2
% ———=t—1.00 T
G T N —t— 0.75
iy -
7 ) i
—~—__
=t
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

load coefficient.

Speed coefficient, Cy
Figure 19.- Effect on free-to-trim characteristics of varying gross

Model 163a-11,

¢ = 4.00; H = 0.%0b.



FRig. 20 NACA TN No. 1101
.5 B - ©mee Sa -
T - Aftérbody clear
.20 /£ \\ A
& /I N / cAo
i / [ att 1.25
,§ .15 T > 1.00
s // | [N o
‘E). T~ ~
P EN A NN
2 - 7 = <
g ! /./ Afterbody clsar i ) . \\ N
n ‘\\
8- 05 /A oo T L \N\\\
a3 WA 0.75 0.35b "N \
d 1.00 0.1 L
1.25 0.3 c N
0 8o
. 1.2
‘Sf 1.5 — // 1,00
o
i AL
% 2 1 4’/ T S T~
© Yol A B e b
2 0 1% =
2 - 7
é’ -1.0 NS
& 1.5 _.lx !-.- : - o
n — o
L Ha 0.3
" | 35b
r\ c
9 ARy qLA°
. / N 1.5
& ' N v 1.00
c 7 1 e NS Vil -
= / TN X - Afterbody clear = — 1~
i T L~
g 6 /J = \§ \T —— -
.~ erbody _] W\ P Bl ol .~
5 74 clear ~=—f—1"
NATIONAL ADVISORY
u COMMITTEE FOR AERONAUTICS
1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

Speed coefficient, Cy

Figurs 2.- Effect on best-trim characteristics of varying gross

load coefficient. Model 163A-11, OX = 4.0%; H = 0.3%5b.



Resistance cosfficient, Cp

.18

.18

«14

.12

10

'OB

.08

.04

Oy = 1.8
/1L (Hunp)
/ Pred
N A L :
//
L_.——-L—-'"ﬂﬁ/ —
ry TR - S————
-
Cy = 4.0 ] |/
(Secondary peak)
. C Free to trim
Cv=6.5 ~ﬂ\ g —— —— Best trim
- \\ ! i
T i i B
;£:£:::::==J;£;; F—‘f_fjé-
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
0 2 3 4 & 7

Angle of afterbody keel, o

_Figure 21.- Effect of angle of afterbody keel on hump resistance, best-trim and

1i
i
1
¢

free-to-trim resiatance at intermedlate planing range, and best-trim

raesiastance at high speed. H = 0.35b; cAo = 1.00.

"ON N& VOVN

TOTT

‘374

18




Reslatance coefficient, Cgr

.18

.16

.14

12

.10

.08

.06

04

hld

—

|
;

|
=

\\

|

1

Cy == 4.0 H V4 e
{Secondary peak) (deg)
v 0
o 4
T
Ly ! NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
-2 03 -4 .5 06

Filgure 22.- Effect of depth of step on free-to-trim résistance. Cy

Depth of step, H, beams

= 1.00,
O .

AT

a¢

*ON NI VOVN

1011




Resistance coefficlent, Cp

10 R -
. / 3

.16 = om m— 3
_ o
.14 -
| —
~T7]

.12 H

cy~4.011/ © 0.35b
10 (Free to trim; secondary peak) . a  L,50b
. L{gv - 6'5
08 /F est trim)
06" e r 4kr=k
.04 >
.02
0 o

’ NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
4 5 8 7 8 9 10 11

Sternpost angle, o

Plgure 23.- Bffect of sternpost angle on hump resistance, free-to-trim resistance at

jintarmediane planing range, and best-trim resistance at high speed. Cp, = 1.00.

*ON NI VOVN

TOTI

314

23




I -0 Model 163A-11
o, \o\\ .1 1=|m11 IA
Cy=4.0 \ Cy =1.8
£ S — /{(Hmp)

Cy =~ 2.6
\BT%‘-—-E}_____ ) (gmnp)

—Cv=6.5 »

A — . -#%\_9/

Load-resistance ratio, A/R

Hull A

T

E:-u—————\h' ' P_Fi-4°
320,350 E NATIONAL ADVISORY
Model 163A-11 ' : COMMITTEE FOR AERONAUTICS

02 |3 -4 l5 -6 l" .8 09 1.0 1.1 1.2 1.3
Load coefficient, Cp

Figure 24.- Couparison of best-trim load-resistance ratlos of
model 163A-11 and Full A.

814

¥s

*ON NL VOVN-

10TT




Resistance coefflcient, CR

'20

+16

.10

.05 ~

mall A -lr‘— C.12bv
{Best trim) b\

Model 163A-11

K

jb/ .
odel 163A-~11
//[T& \\\ 1{” ?Fr:a to trim)

4 ‘\‘::;::;j‘_ ‘ N “'\h{/

—_—
=~
~—
//ﬁ/

e N

i/ NS

// w \Q \\\

/ s W

NATIONAL ADVISORY \\
COMMITTEE FOR AERONAUTICS \

1.0 2.0 3.0 4.0 5.0 6.0 7.0
Speed cosfflelent, Cy
Pigure 25,« Comparison of best-trim resistance of hull A with best-trim
and free-to-trim resistance of model 163A-~11,

8.0

*ON NI YOVN

I0TT

‘3174

'k




O NACA series; models 144, 145, 146 (unpublished data)
¢ DVL series; models la, 8, Langley 184 (unpublished data)
O Hull A (unpublished data)
A Langley model 163A~11
¥V  Hull B (unpublished data)
¥ Langley model 163J-11 (reference 2)
7
& LY
<
- 1A
(o}
o
Fe)
: l
k8
[ ]
[ 4]
o
3 :
: /
8 ol
? 5
o] ’erzfii//r//r
: o
A ~ NATIONAL ADVISORY
COHMITTEE FOR AERONAUTICS

3 4 L 6
Forebody length-beam ratio, Lf/b

Flgure 26,- Effect of forebody length-beam ratio on Icad-resistance
ratio at the hump. cbo = 1,00,

+ 374

92

*ON NI ¥YDVN

T0TT




NACA TN No. 1101 Fig. 27
&’ | Model
2 TN 1634-11 13
8 - N Hull B
- = 3 N
g RN v g 10 I
S A ] S e W A AN
o / Y -7 ~
8 .10HLE g \ AN .
R RSN
/ Vi \
=2 . 7’ \‘ 3\
g o=/ P ' N
- (a7 e (bl
1 ‘ '-:
1 -
\ 0.31b
21.0 | : | g
2.0 ! Q=L;F-é}\“° :
\ \ , 0.05b
19.0 \ \ Hull B B _
i &
AN B P
\ : .
T S
- 16.0 —i == T
s I . \ Model 163A-11 L g x5,
.9: 15.0 ;l \%—iuterbody - - . _ e eme o
8 wo P—1A \ -
, .
é 13.0 Pt B s N 50
3 ‘l \\ \ o \\ . % .
s 1_2-0 + \\ b )
8 ¥ N \ 2 \ 2
L 11,0 [ X 5w N 60 8
E N |4 v \ ¢ N g
" I\ e Ny 2 -. -
i model 1 g A E
9.0 ; <% 2 70 =
‘(‘\ \ L \ 3
8.0 ‘\ T H-S Y ] :é
1 A
7.0 \“ A gn 20 \ \ g ©
6.0 = v, © ' §
\ ~ b Z7 ® k \ b
5.0 s A4 £ 10 . w0 &
>0 NI : 3 :
4.0 S—lo-7f L 5 N
Forebody |7 7k a N
I l 1 _‘3 .\; lw
1.0 2.0 3.0 4.0 _ 1.0 2.0 3.0 4.0
(c) Speed coafficient, Cy (d)

Figure 27.- Comparison of best-trim resistence characteristics .

of model 163A-11 and hull B. Cpg = 1.00.
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